from 23 to 30°C on P. maculata grazing at 0 psu, to investigate the possibility that the combination of high temperature and low salinities in Florida's summer wet season could exacerbate grazing impacts.
Adult P. maculata were collected between April and August 2014 from three sites in Lee County, Florida: urban canals in Cape Coral (26.6069°N, 81.9730°W and 26.6088°N, 81 .9725°W), a wet detention pond in Estero (26.4911°N, 81.8069°W) and the freshwater Caloosahatchee River at the W.P. Franklin Campground (26.7236°N, 81.6927°W). Snails were maintained in outdoor holding tanks covered with mesh screen to prevent escape. They were fed daily from cultured stocks of southern naiad (Najas guadalupensis), chara (Chara sp.), pondweed (Potamogeton illinoensis) and water fern (Salvinia minima) until the start of the experiment. Vallisneria americana used for the experiment was collected from Lake Trafford (26.4219°N, 81.4963°W) and the urban canals in Cape Coral, and was cultured in outdoor tanks on the Florida Gulf Coast University campus until needed. Food freshness can significantly alter feeding behaviour of Pomacea spp. (Qiu et al., 2011) . Therefore, V. americana used for the feeding trials was collected from culture tanks within 24 h of the start of the feeding period. After collection, live blades were separated from roots and rhizomes, and were cleaned of epiphytes, debris and dead foliage as described by Baker et al. (2010) . Blade bundles of 5.0 g wet weight were assembled and bound at one end with a binder clip to consolidate the SAV and sink it to the bottom of aquaria, where snails could access it. To standardize wet weight, blades were wetted and spun for 10 s in a Zyliss ® Easy Spin™ salad spinner before being added to bundles. Each bundle was within ±0.01 g of 5 g at the beginning of each trial. At the end of each trial, remaining blades were spun and weighed again to calculate consumption rate (Baker et al., 2010) .
Feeding trials were conducted in 30 × 20 × 20 cm acrylic tanks in a laboratory at 24°C. Each tank was filled with 6 l of tap water, to which 2 ml of Tetra ® AquaSafe Plus Aquarium Dechlorinator Water Conditioner was added to dechlorinate the water. Salinity was adjusted to treatment levels using Instant Ocean™ artificial seawater mix. Tanks sat for 24 h before snails were added. Each tank received one adult snail. Snail size was measured as operculum width (OW; in mm) (Youens & Burks, 2008) and converted to wet weight (WW; in g) using an empirically derived equation with good fit (R 2 = 0.98) to a large set of P. maculata measurements including both juvenile and adult individuals (R.L. Burks, personal communication) . The equation was WW = 0.0002 (OW) 3.3916 . Mean snail WW was 121 ± 50 g SD. The snails were starved for the first 48 h after being added to tanks, then a 5 g V. americana food bundle was added and the snails were allowed to feed for 24 h (Baker et al., 2010) . Grazing rate was normalized to snail WW by dividing the WW of V. americana consumed over 24 h by the WW of the snail, resulting in units of g g −1 d −1 . Note that our maximum grazing rates were constrained by the amount of food available; snails often ate the entire 5 g V. americana bundle during our trials. Therefore, our grazing rates are not directly comparable with rates derived from studies that allowed P. maculata to feed to satiation (e.g. Baker et al., 2010; Bernatis, 2014) . Comparisons of grazing rate among studies are further complicated by the use of different measures of weight; Bernatis (2014) recorded V. americana and P. maculata mass as WW, whereas Baker et al. (2010) recorded both as ash-free dry weight. Monette et al. (2016) eschewed weight entirely and measured grazing as the linear extent of V. americana damaged per hour.
To test the effects of salinity on grazing rate, trials were conducted at 0, 2, 4, 6, 8 and 10 psu. Due to limited laboratory space and aquaria, not all salinity levels could be tested concurrently, so each trial included ten control tanks at 0 psu, paired against ten treatment tanks at either 2, 4, 6, 8 or 10 psu. Over the course of the study, three trials of each control-treatment pairing were performed. Because there was no significant block effect among the repeated trials, the data were pooled, resulting in n = 150 for the 0 psu level and n = 30 for each of the other salinity levels.
For temperature trials, individual Hydor 50 W water heaters were placed in each tank. Each trial included ten tanks at ambient temperature (23-24°C) and ten tanks at an elevated temperature (28-29°C) near the upper end of the 'optimal' temperature range for P. maculata (Gettys et al., 2008) . Water temperatures were checked twice daily during the trials and heaters were adjusted if needed, although this was rarely necessary. As with the salinity trials, the temperature trial was repeated three times and the results were pooled, resulting in n = 30 for each temperature treatment. The snail size range and food amounts used in temperature trials were the same as in the salinity trials.
For trials of both temperature and salinity, treatment differences in grazing rate were assessed with one-way ANOVA using JMP ® v. 11.0 statistical software. Prior to ANOVA, the assumptions of normality and homogeneity of variance were tested with the goodness-of-fit test and the O'Brien test (Abdi, 2007) , respectively. Grazing rate data satisfied these tests after being log-transformed. For salinity, the ANOVA test was followed with a post hoc Tukey HSD pairwise comparison (Zar, 1996) . For temperature, the ANOVA test was followed with a post hoc Student's t-test.
The mean grazing rate of P. maculata at 0 psu and ambient temperature (23-24°C) in the salinity trials was 0.028 g g −1 d −1 . As expected, this was virtually identical to the grazing rate of the ambient temperature control group in the temperature trials (0.029 g g
). Elevated temperatures (28-29°C) increased grazing rate by 45% on average, to 0.042 g g −1 d −1 (ANOVA, P = 0.0246; Fig. 1 ).
In the salinity trials, increasing salinity significantly reduced the grazing rate of P. maculata (ANOVA, P < 0.0001). Based on post hoc comparisons, grazing rates at 0 psu differed significantly from grazing rates in all other treatments. There was no significant difference between 2 and 4 psu, 6 and 8 psu or 8 and 10 psu, but a general trend of decreasing grazing rate with increasing salinity was clear (Fig. 2) . Although snails survived the 72-h trials even at 10 psu, their grazing rate was negligible at that salinity (less than 0.001 g g
). Other signs of stress were also observed at high salinity, with some snails keeping their opercula shut for the duration of the trial. In comparison with the results of similar experiments (Ramakrishnan, 2007; Bernatis, 2014; Martin & Valentine, 2014) , our results confirm that salinities up to 10 psu are not acutely lethal for P. maculata, but suggest that the snails' destructiveness is significantly reduced beginning at much lower salinity levels than this.
To summarize, we found that both water temperature and salinity significantly affected the grazing rate of P. maculata on V. americana. Increasing water temperature increased grazing rate and increasing salinity decreased grazing rate. However, we acknowledge several limitations in our experiments. For the temperature trials, we did not test the effect on grazing rate of temperatures lower than 23°C or higher than 29°C. Gettys et al. (2008) found that the grazing and growth rates of P. maculata are generally lower at cooler temperatures and that in some cases the snails stop grazing at temperatures lower than 18°C. Also, caution should be applied in extending the results of these laboratory studies to the interpretation of ecological interactions in the field. In field situations, it is possible that the snails will exhibit a wider variety of behavioural responses to stressors such as salinity and temperature (Carlsson et al., 2004) , and the community-level interactions between P. maculata populations and V. americana populations may be more complex than the interactions we observed at the level of individual organisms. Future study should weigh the direct effects of altered salinity and temperature on V. americana against the indirect effects mediated through grazing by P. maculata. The outcome of this tradeoff could be assessed through mesocosm studies with live, growing V. americana, or through field surveys of occurrence of V. americana and P. maculata along environmental gradients. Figure 2 . Pomacea maculata grazing rate on Vallisneria americana at different salinities. Grazing rate is expressed as g V. americana wet mass consumed over 24 h, normalized to the wet weight of the snail in the feeding trial.
Means with the same letter are not significantly different. Error bars depict standard error of the mean (SE).
